Introduction
============

Metastasis is one of the important characteristics of a cancer cell which has a profound effect on the prognosis and destiny of the tumor. It is responsible for more than 90% of deaths among patients who are suffering from cancer [@B1]. Many different factors may affect this process, from which a few are known. In this respect, the process called epithelial mesenchymal transition (EMT) is a known process related to the initiation of cell migration and metastasis [@B2].

The phenomenon called EMT is an orchestration of physiomorphological events that leads to a change in cell identity from an epithelial to mesenchymal [@B3]. EMT is an orchestration which starts from cell-to-cell junction and cytoskeleton and leads to extracellular matrix (ECM) alteration and eventually cell migration [@B4]. This is firstly defined in the process of embryogenesis and a period called gastrulation [@B5] and categorized into three types: type 1 in gastrulation, type 2 in wound healing and type 3 in metastasis. Type 3, the most interesting one for this study, happens during metastasis and invasion of cancer cells into the distant organs [@B6]. Finding a way to regulate this phenomenon will have a practical importance for clinical outcome of cancer in life span and quality.

Many factors have different roles in the initiation and progression of this process, such as various types of growth factors. Among these factors, fibroblastic growth factor (FGF) has many important functions in the embryonic period and many diseases [@B7]. It has 23 members which only 18 type of them are recognized as ligands for fibroblast growth factor receptor (FGFR) [@B8]. FGF plays an important regulatory part in the main developmental pathways, such as mesodermal patterning in the initial step of embryonic life leading to organogenesis. Also, FGF signaling has a role in wound healing and angiogenesis [@B9].

Because of some similarities between cellular and molecular procedures during gestational life and cancer, investigations about the possible role of dysregulated molecules, which are responsible for organogenesis and rapid growth of cells in the fetus, on invasion and cancer metastasis is very important [@B10].

Fibroblastic growth factor-10 (FGF-10) is a well-known protein in type I EMT and organogenesis. It has important roles in the development of many organs such as kidney [@B11], prostate [@B12] and lung [@B13]. There are some evidences showing that in some cancers, such as prostate cancer, there are correlations between the expressing levels of FGF-10and invasion of cancer cells [@B14]. Moreover, other studies have demonstrated that targeting FGF-10 receptor cleavage or negative regulatory agents called polyoma enhancer activator 3 (PEA3) can affect the pattern of growth and behavior in breast cancer cell lines [@B15], [@B16]. Hence, this study set out to show that the effect of these cell-line behaviors is directly related to FGF-10 through regulation of EMT mechanisms in which various types of signaling pathways are involved.

Materials and Methods
=====================

Cell lines and Primers
----------------------

MCF-7 and MDA-MB-231 cell lines were prepared by Iran Genetic and Biologic Resource Center and Pasteur Institute of Iran, respectively. MCF-7 cell line was cultured in DMEM containing 10% FBS. MDA-MB-231 was cultured by RPMI 1640 with 10% FBS at 37˚C incubator with 5% CO~2~. Primers were designed by primer3 program (<http://frodo.wi.mit.edu/>) for real time PCR reaction (Table [1](#T1){ref-type="table"}).

Gene regulation by siRNA and recombinant protein
------------------------------------------------

FGF-10 and GFP siRNA (Santa Cruz, USAsc-39462) were used for FGF-10 silencing in MDA-MB-231 cell line based on the protocol manual with different concentrations of 10, 200, 400 nM for 10^6^ cells. FGF-10 recombinant protein (R&D, USA 345-FG-025) was used for protein inducing in MCF-7 cell line in different concentrations of 50, 100 and 200 ng/ml to treat 10^6^ cells.

Western blot analysis
---------------------

Whole cell lysates were prepared from treated cells, in SDS lysis buffer (25 mM Tris-HCl pH 6.8, 0.8% SDS, 4% glycerol, 2% 2-mercaptoethanol, 0.008% bromophenol blue). Concerning MCF-7 cells, they were treated with FGF-10 for 48 hours and then the lysate was extracted. For MDA-MB cell lines, the extraction of protein was performed 48 hours after transfection with FGF-10 and GFP siRNA. For immunoblotation, the protein extracts were subjected to 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by transfer to PVDF western blotting membranes (Roche, USA). Blocking was performed with 5% nonfat dry milk in TBST (50 mmol/L Tris-HCl (pH7.5), 150 mmol/l NaCl, 0.1% Tween-20) for one hour. The membranes were rinsed 3 times with TBST and incubated overnight at 4°C with a monoclonal antibody against human FGF-10 (1:1000), a monoclonal anti-human GSK3β (total and p Ser -9) antibody (Santa cruz, USA) and an anti-human actin monoclonal antibody (1:5000) (Santa cruz, USA) in TBST. The next day, the membranes were washed several times with TBST and incubated with the secondary antibody: peroxidase conjugated affinity pure F(ab\')~2~ fragment goat anti-mouse IgG + IgM (H+L)(Santa cruz, USA) in TBST for one hour at room temperature. Following another three washes with TBST, the membranes were incubated with Chemiluminescence Detection Kit (Pars Tous Biotechnology, Iran) for one minute exposure to the Kodak radiography transparent film and checking for the band intensity.

Fluorescent microscopy
----------------------

The transfected cells with FGF-10 and GFP siRNA were cultured after 48 hours and observed for GFP signal for fluorescent microscopy (Leica, USA)

MTT assay
---------

A number of 5x10^3^ cells was seed in each well of 96 well plates and incubated at 37˚C for 24 hours. MDA-MB-231 and MCF-7 cells were treated with siRNA and FGF10 recombinant protein, respectively, in concentrations mentioned above. In different time periods (24, 48, 72 hours) 10 µl of MTT solution (Roche, USA, 11465007001) in concentration of 5 mg/ml was added to each well and the whole procedure was done based on the protocol manual. The absorbance was recorded at 550-570 nm by ELISA reader (BioTek, USA, Gen5 power wave xs2).

Colony agar assay
-----------------

Equal amount of 1.2% agar and 2x culture medium containing 20% FBS was mixed and distributed in 6 well plates at final volume of 1.5 ml. Cells at concentration of 10^3^ for each well (treated MDA-MB-231 cells with siRNA before use) were mixed with 0.6% agar and 2x culture medium containing 20% FBS and final volume of 1.5 ml was added to each well. The third layer (medium without serum containing FGF-10 recombinant protein for MCF-7 cells, for MDA-MB-231 cells medium without serum) was added after cooling of the rest and incubated at 37˚C in 5% CO~2~ incubator for colony growth in a period of 14-28 days. Colonies were counted in ten different fields.

Migration assay
---------------

The amount of 750 µl culture media containing 20µl/ml fibronectin without serum was added to the bottom wells of matrigel 24 well plates (SPL Life Sciences, Korea). Well inserts was applied on wells gently to prevent bubbling in the bottom. The treated cells were tripsynised and after a brief spin, 2x10^4^ cells were counted and seed to each well insert of 24 well plates with 500 µl of media containing 10% FBS and incubated at 37˚C in 5% CO~2~ incubator for 24 hours. Inserts were removed and fixed with 3.7% paraformaldehyde for 20 minutes after rinsing with PBS. Fixed cells were stained with Geimsa (Sigma, USA) and noninvasive cells were removed with a cotton swab. The remaining migrated cells were observed by using light microscopy (Ziess, Germany) counting 10 different fields with 10x of magnification.

Wound healing assay
-------------------

A number of 10^6^ treated cells was seed in 6 well plates and incubated at 37˚C for 24-48 hours. A crash was made in each well by using sampler tip and the detached cells were removed by 1% serum washing. The cells were observed and the picture was captured using phase contrast microscopy (Ziess Germany Axiovert 25) and the free pixels were compared.

Apoptosis (Hoechst Acrydine orange)
-----------------------------------

The treated cells with FGF-10 siRNA and FGF-10 recombinant protein (using 1% FBS instead of 10% FBS for MCF-7 cells) were rinsed with PBS after 48 hours incubation at 37˚C. 100 µl of cell suspension was mixed with 1 µl of Hoechst 33258 (sigma, USA) in concentration of 1 mg/ml and incubated at room temperature for 5 minutes using 10 µl of solution for detecting apoptotic cells. For acridyne orange/ethidium bromide (sigma, USA) staining the solution in 1:1 volume 100µg /ml in PBS was added and incubated for 5 minutes at room temperature. Using a slide, 10 µl of cell suspension was applied for fluorescent microscopy (ziess, Germany Axiovert 25 plus). Ten fields were observed for apoptotic cell counting with 40x magnification.

Real Time PCR
-------------

RNA extraction was done from 10^6^ treated cells using high pure RNA isolation kit (Roche, USA, 11828665001) based on the protocol manual. The synthesis of cDNA was made from 1-2 µg of extracted RNA using easy cDNA synthesis kit (Pars Tous, Iran) base on the protocol manual. Two µl of cDNA was added to primer mix (1µM) (Table [1](#T1){ref-type="table"}) and syber green master mix (Takara, Japan) using real time PCR instrument (Qiagen 65 HO, USA). The program for reaction was a denatured at 95 for one minute followed by 40 cycles of initiation at 95 for 10 seconds, annealing at 56˚C for 15 seconds, elongating at 72˚C for 20 seconds and a single final step at 58˚C for 90 seconds. At the end of the program, the melting curve was checked and the data were analyzed by CT calculation using REST software (Qiagen, USA).

Statistical Analysis
--------------------

All data were elicited using triplicate samples. Standard error and p value were calculated by t-test using MS Excel 2010 software (Microsoft, USA).

Results
=======

Confirmation of FGF-10 inducing and silencing through protein expression in dose-dependent manner
-------------------------------------------------------------------------------------------------

According to Figure [1](#F1){ref-type="fig"}a, the expression of FGF-10 in MCF-7 cells followed by recombinant protein induction was confirmed in a dose-dependent manner. Control cells have shown a weak expression of FGF-10, while the protein expression has increased to 4, 6, 7 fold during treatment of cells with 50, 100, 200 ng/ml of FGF-10 recombinant protein, respectively. Concerning MDA-MB-231 cell lines, the expression suppression was again a dose-dependent manner with the 52%, 75%, 97% in 100, 200, 400 nM concentration, respectively. The GFP siRNA transfection control and non-treated cells have shown the same amount of FGF-10 expression. However, using fluorescent microscopy, the expression of GFP was confirmed in GFP siRNA transfected cells, while other cells demonstrated no fluorescent signal.

Positive effect of FGF-10 on proliferation
------------------------------------------

MTT assay is a calorimetric technique for analyzing cell viability and drug cytotoxic on cells. It is a water soluble tetrasolium salt which appears as the yellow color in phenolic environment [@B17]. Dehydrogenase enzyme activity in the living cells breaks the MTT ring and changes it into insoluble blue formazan crystals which could be recorded in 550-570 nm wavelength dissolved in isopropanol acid or DMSO. MCF-7 cells treated with FGF-10 recombinant protein in different dosages and time periods have shown an increase in absorbance (MTT activity) after 48 hours as it was normalized by untreated MCF-7 cells (Figure [1](#F1){ref-type="fig"}c). (P \< 0.01)

On the other hand, MDA-MB-231 cells treated with FGF-10 siRNA (Figure [1](#F1){ref-type="fig"}d) have also confirmed the direct effect of FGF-10 in growth suppression, especially after 24 hours (P \< 0.05). On the whole, the data suggest that FGF-10 has a direct correlation with cell proliferation and viability. Reducing FGF-10 causes growth suppression while increasing induced proliferation acceleration.

Tumorgenesis is increased under FGF-10 effect
---------------------------------------------

Normal cells need signaling for growth and survival which is provided directly by ECM. If normal epithelial cells lose their interaction with ECM, this can lead to a program cell death called Anoikis [@B18]. In cancer cells this correlation has been lost which means that cells have the capability of growth and survival without correlation with ECM. This ability also has a relationship with cell invasion and metastasis. Therefore, more invasive cells have capability of making more and bigger colonies [@B19]. In this study the colony agar-assay method was selected to evaluate the ability of cells in tumorigenesis. In this method, two layers of agar were prepared and the cells were placed in the superior layer. Concerning MCF-7 cells, FGF-10 factor was placed with the medium in the superior part of two-layer agar but in the case of MDA-MB-231 cells, they were treated with siRNA before placement into the agar layer. The colony count was performed after 14-28 days. The colony formation depended on the number and capability of cells which could make tumor. When cells are induced by a factor, it is very important to know how this affects the cells during treatment. The tumor suppression effect of a factor can affect colony numbers even transiently without sustain treatment with FGF-10.

According to Figure [2](#F2){ref-type="fig"}, the colony formation increased 1.6 to 2 folds (P \< 0.05) in MCF-7 cells treated with 100ng, 200ng FGF-10 recombinant protein, respectively (Figure [2](#F2){ref-type="fig"}a) while 2.4, 5.8 and 12.5 folds decrease were observed in colony formation (P \< 0.001) when MDA-MB-231 cells were treated with 10nM, 200nM, 400nM FGF10 siRNA, respectively (Figure [2](#F2){ref-type="fig"}b). The results have demonstrated that the tumorogenesis ability of FGF-10 has direct relationship with the FGF-10 concentration.

FGF-10 induces and increases wound healing ability of cells
-----------------------------------------------------------

The wound-healing assay is one of the earliest developed methods to study directional cell migration in vitro. It is mimicking cell migration during wound healing in vivo, by creating a \"wound\" in a cell monolayer, capturing the images at the beginning and at regular intervals during cell migration to close the wound, and comparing the images to quantify the migration rate of the cells. It is particularly suitable for studies on the effects of cell-matrix and cell-cell interactions on cell migration [@B20].

Concerning the MCF-7 cells, the FGF-10 induction with 50, 100, 200 ng/ml concentration was induced after crashing the cell layer while in the case of MDA-MB-231, the cells were treated with 10, 200, 400 nM concentration of siRNA and then the crashing process was performed. The image was taken 24 hours after the process and free area was calculated based on the free pixels by Photoshop software (Adobe Photoshop CS6, USA). As depicted in Figure [3](#F3){ref-type="fig"}a, the ability of cells to cover the wound has a direct correlation with FGF-10 and increasing the presence of FGF-10 inside the cell. The ability of MCF-7 cells in the presence of FGF-10 increased for filling in free area while in MDA-MB-231 cells this ability was decreased by inhibition of FGF-10.

Invasion and migration ability of cells dependents on FGF-10 production
-----------------------------------------------------------------------

The ability of migration was investigated by Matrigel Migration Assay (Figure [3](#F3){ref-type="fig"}b). Cells with the ability of movement can migrate toward the fibronectin as a chemotactic reagent while cells without movement ability cannot show any reaction. Therefore the method demonstrates the ability of cells response to the migration stimulants.

Based on the results from wound healing assay, 100ng/ml FGF-10 recombinant protein and 200 nM FGF-10 siRNA were used for MCF-7 and MDA-MB-231, respectively. In MCF-7, the treated cells with 100ng/ml FGF-10 recombinant protein have shown 4.1 folds increase in migration (P \< 0.001). However, FGF-10 down regulation by using 200 nM of FGF-10 siRNA after 48 hours has shown 3.1 folds decrease in migration in MDA-MB-231 (P \< 0.001). Therefore, it was suggested that FGF-10 has a direct relationship with the migration.

Apoptosis is decreased under FGF-10 protein
-------------------------------------------

In Hoechst 33258 staining, normal cells appear as uniform blue while apoptotic nucleus resembles as irregular and bright blue caused by chromatin aggregation and nucleus fragmentation [@B21]. On the other hands, Acridyne orange is a vital stain which stains both living and death cells and binds to cell DNA, having lower affinity to RNA. However, ethidium bromide stains only cells which have lost their membrane totality (dead cells) [@B22]. Living cells usually stain in green color by acridyne orange staining.

In MCF-7 cell lines, the cells were cultured in 1% FBS containing medium to induce a cellular stress and apoptosis. As it was observed in control cells image, apoptotic cells had increased compared to FGF-10 treated cells. This means that these cells could tolerate the stress condition and apoptosis rate was reduced, suggesting the anti-apoptotic effect of FGF-10. Still, MDA-MB-231 cell lines become apoptotic after FGF-10 silencing.

Apoptotic cells in MCF-7 by Hoechst 33258 staining (Figure [4](#F4){ref-type="fig"}a) decreased by 10 to 14 folds using 50ng/ml, 100ng/ml and 200ng/ml FGF-10 recombinant protein, respectively (P \< 0.05), even in stressful condition, while siRNA down regulation of FGF-10 in MDA-MB-231 has shown 7, 23 and 34 folds increase in apoptosis in 10nM, 200nM and 400 nM FGF10 siRNA treated cells, respectively (P \< 0.01).

Concerning acridyne orange staining, apoptotic cells showed 5.2 and 11.3 folds decrease after (50 ng/ml) 100ng/ml and 200ng/ml FGF0-10 recombinant protein treatment of MCF-7 (P \< 0.05), while there was 4.6, 19.7 and 21.2 folds increase after 10 nM, 200 nM and 400 nM FGF-10 siRNA treatment of MDA-MB-231 cells, respectively (P \< 0.01) (Figure [4](#F4){ref-type="fig"}b).

EMT induction factors change under FGF-10 effects and initiate EMT program
--------------------------------------------------------------------------

In MCF-7 cell lines, treatment with FGF-10 recombinant protein enhances the FGF-10 expression to 2.3 times, which is because of self-inducing effect by FGF-10. The expression of N-cadherin and vimentin (two characteristic factors of mesenchymal cells) has increased 3.2 and 3.1 folds, respectively. Slug transcription factor was affected more than snail (3 times compared with 1.6 times). Both of these transcription factors were the main agents in EMT which could regulate the expression of EMT-involved genes. While there was 5 folds decrease in E-cadherin expression (epithelial characteristics\' factors), MMP9 demonstrated no change after treatment except TIMP1 showing 5 folds decease in expression. Transformation growth factor (TGF-β1) expression was activated by 1.6 fold after FGF-10 recombinant protein treatment. This enhancement was 3.2 and 2.4 for CDK2 and cyclin D2 expression (cell cycle regulatory factors), respectively (Figure [5](#F5){ref-type="fig"}a).

On the other hand, FGF-10-silenced MDA-MB-231 lead to a conflicting finding which indicated a complete suppression of FGF-10 and N-cadherin expression which was followed by 5 and 6.7 times down-regulation of vimentin and slug, respectively, while snail had a 1.4 fold down-regulation. Interestingly, FGF-10 down-regulation had effects on both MMP9 (complete suppression) and TIMP1 (2.2 times up-regulation). E-cadherin epithelial marker has shown a 2.1 folds increase in expression. Also, CDK2, Cyclin D2 and TGFβ-1 expression data demonstrated 2 times down-regulation (Figure [5](#F5){ref-type="fig"}b).

FGF-10 induced GSK3β phosphorylation in breast cancer cells
-----------------------------------------------------------

As it is illustrated in Figure [5](#F5){ref-type="fig"}c, treating MCF-7 cells with FGF-10 recombinant protein will cause enhancement of FGF-10 expression by 7.1 folds compared with untreated cells as well as 44.6 folds increase in the amount of phosphorylated (inactivated) GSK3β due to FGF-10 treatment. The results of FGF-10 silencing by FGF-10 siRNA is contradictory by means of 98% silencing of FGF-10 and 96% decrease in the amount of phosphorylated (inactivated) GSK3β. These phosphorylation alteration in the presence or absence of FGF-10 could be related to the relationship between the signaling pathways which they are involved in. GSK3β has a critical role in EMT phenomenon through phosphorylation in WNT signaling pathway and data suggests the role of FGF-10 in the phosphorylation regulation of GSK3β.

Discussion
==========

To investigate the role of FGF-10, two cell lines with conflicting characteristics were used. The MCF-7 cell line has an epithelial appearance with low level of FGF-10 expression [@B23]. Also, this cell line has low ability of movement and invasion [@B15]. On the other hand, EMT markers are down-regulated in this cell line [@B24]. However, MDA-MB-231 has mesenchymal appearance with high level of FGF-10 expression and high ability of invasion and up-regulation of EMT markers [@B25].

According to these findings, we can suggest that FGF-10 can follow all steps and prepare cells to invade as it is shown in the migration assay. Other findings have demonstrated that FGF-10 regulation has a direct role on cell viability and proliferation, immortality and apoptosis the same as its role in early stages of life.

The ability of colony making in soft agar and tumor formation after inoculation in mouse are two main components of invasion and tumorigenesis in cancer cells [@B26]. In this study the ability of cell invasion was determined by colony formation rates. As we know, more colony formation ability and colony size in a cancer cell indicates greater invasiveness and tumorigenesis [@B27]. Our study has shown a direct correlation between FGF-10 and colony formation.

There are many studies showing that FGF-10 expression has an important role on progenitor epithelial cell maintenance. For example, FGF-10 inhibits terminal differentiation in the embryonic lung [@B28], [@B29] and by b-catenin signaling, through embryonic WNT/FGF-10 signaling for maintenance of parabronchial SMC (PSMC) progenitors, and also by FGF-10 secretion which keeps notch signaling activated and induces snail expression in surviving Clara cells [@B30]. On the other hand, it is demonstrated that FGF-10 signaling is required for expanding pancreatic progenitor cells [@B31], [@B32]. In a study it was demonstrated that FGFR1/2 deficient keratinocytes had a reduced migration velocity which can explain our results in wound healing assay [@B33]. Since many studies have suggested the role of FGF-10 on delay in epithelial differentiation and further marker presentation, in this study we had investigated E-cadherin as an epithelial marker and also N-cadherin, vimentin, fibronectin as mesenchymal markers.

CDK2 and also Cyclin D2-G1/S transition proteins-regulation followed by FGF-10 treatment in the same direction, clarify the activating role of FGF-10 in cancer cell proliferation by promoting G1 to S phase transition and preparation of cells for synthesis and mitosis [@B34], [@B35]. It can also explain why during down-regulation of FGF-10, cell growth suppressing and apoptosis mechanisms are activated. Apoptosis and immortality are two opposite sides of growth spectrum [@B36]. More invasiveness has direct relationship with immortality. In aggressive cancer cells, apoptotic pathways are inhibited and cells are resistant to stress conditions [@B37].

EMT has an orchestrated alteration in different components of cells and even in their extracellular microenvironment [@B4]. It is a wide spectrum from nucleus and transcription factor alterations through cell junction and ECM. MMP9 and TIMP1 are ECM proteins altered by FGF-10 induction. This study shows that FGF-10 induction enhances MMP9 expression while it decreases the level of TIMP1 expression which has a reverse function. It enhanced the mesenchymal N-cadherin expression while the expression of E-cadherin gene, which is responsible for epithelial adherence junction, was reduced. However, even in the transcriptional level, the snail and slug expressions (two EMT-inducer transcription factors) enhanced by the FGF-10 induction. Data for FGF-10 suppression in MDA-MB-231 has confirmed the reverse effect of FGF-10. On the whole, it has suggested that FGF-10 could be a strong inducer of type III EMT by affecting different components at intra-cellular and extra-cellular level

Until now, the main signaling pathways which are described for FGF-10 are through AKT- mTOR and RAS-MAPK dependent pathways [@B38], [@B39]. In this study we have shown that FGF-10 has an activating role on TGF-β expression. On the other hand, GSK3β is phosphorylated during up-regulation of FGF-10 which means it is another possible pathway through WNT signaling activation as it was mentioned before by cross talk between FGF and WNT signaling [@B40]. Also, based on another finding on ELM (The Eukaryotic Linear Motif Resource: <http://elm.eu.org/>) [@B41] shows a GSK3βSer/Thr phosphorylation recognition site which is confirmed by western blot analysis suggesting a direct effect of FGF-10 on GSK3β Ser-9 phosphorylation. GSK3β inactivation also has shown to have a relationship with cell sensitivity to TGF-β due to Smad3 stability [@B42]. Taken together, all the data suggest that FGF-10 has a possible cumulative role in EMT signaling through AKT, RAS, WNT, and TGFβ (Figure [6](#F6){ref-type="fig"}). Regarding TGF-β, it is more likely that FGF-10 up-regulates the expression of this protein followed by its enhanced sensitivity to cells which may increase the effect of TGF-β in cells.

Conclusion
==========

Our data suggested that if FGF-10, a protein with function in early life organogenesis and developmental roles, is dysregulated in cancer, it can act as a wild agent involving cell proliferation, immortality, and tumorigenesis, plus EMT followed by invasion and metastasis. Yet there are more unanswered questions about the possible key molecules in apoptosis or other details in FGF-10 and downstream signaling.
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![Cell viability **a)** Western blot analysis for FGF-10 expression in MCF-7 cells induced by recombinant protein (50ng, 100ng, 200ng respectively). Also, silencing of FGF-10 in MDA-MB-231 using FGF-10 siRNA (10 nM, 200 nM, 400 nM) has shown a dosage-dependent pattern in FGF-10 regulation in both cell lines. C is the control cells with no treatment and GFP corresponds to GFP siRNA **b)** the expression of GFP was confirmed by using fluorescent microscopy only in GFP inducing MDA-MB-231 cell lines **c)** MCF-7 cell proliferation with FGF-10 recombinant protein treatment. d) MDA-MB-231 Cell proliferation after FGF-10 siRNA silencing.](jcav05p0537g001){#F1}

![Colony Formation in dosage-dependent manner **a)** colony counting after MCF-7 cell treatment with FGF-10 recombinant protein showing increase in colony count which is shown in graphs (left) and direct colony photography with two different magnifications (right). **b)** Colony number decreases after using FGF-10 siRNA for MDA-MB-231 which is illustrated by graph (left) and microscopic imaging with two different magnifications (right).](jcav05p0537g002){#F2}

###### 

Invasion and migration **a)** The ability of direct migration in MCF-7 cells after FGF-10 recombinant protein treatment (top) and in MDA-MB-231 after FGF-10 knock down by FGF-10 siRNA. Pictures have been taken using 10x magnification (bottom) demonstrating the ability of wound healing (arrows demonstrating the free area). **b)** Using the same method for gene regulation in matrigel, MCF-7 and FGF10 recombinant protein treatment (left), MDA-MB-231 and FGF10 siRNA treatment. Results for GFP siRNA and control cells were the same and were not mentioned in the pictures.

![](jcav05p0537g003)

![](jcav05p0537g004)

![Apoptosis. **a)** Hoechst staining has shown a deceased apoptosis induced by stress in MCF-7 cell lines treated with FGF-10 recombinant protein (left graph) while down regulation of FGF-10 using FGF-10 siRNA in MDA-MB-231 enhanced the apoptosis (right graph). **b)** The same experiment has been done by using acridine orange as mentioned in the text also demonstrated the number of ethidium bromide stained nucleus (apoptosis) decreased by FGF-10 treatment in MCF-7 cells (left graph) while down regulation of FGF10 in MDA-MB-231 cells caused an increase in apoptotic cells (right graph). (microscopic images by 10x magnification)](jcav05p0537g005){#F4}

###### 

Gene expression and protein modification. **a)** Quantitative Real time PCR for gene expression analysis in different genes involved in EMT and cell cycle in MCF-7 cells treated by FGF-10 recombinant protein. **b)** Same analysis in MDA-MB-231 cells treated with FGF-10 siRNA. **c)** Western Blot analysis has shown the phosphorylation (inactivation) of GSK3β with the same direction of FGF-10 expression in both cell lines, demonstrating that the phosphorylation of GSK3β is increasing when FGF10 is up regulated (in MCF-7, left) and decreasing during FGF-10 down regulation (in MDA-MB-231, right).
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![Different mechanisms of signaling for EMT which might be induced by FGF10. FGF10 has a direct effect on its expression, followed by TGF-β up regulation. FGF10 may have inducing effect on EMT through Ras/MAPK and AKT/Pi3K/mTOR pathways. Another finding has shown that WNT signaling activity though GSK3β phosphorylation leads to βCatenin (βCat) localization into the nucleus and Lef/TCF activation. Also GSK3β phosphorylation (inactivation) leads to stabilization of Smad 3 and sensitivity of cells to TGF-β which induces another way of EMT through TGF-β/Smad pathway.](jcav05p0537g008){#F6}

###### 

Primers used for quantitative RT-PCR.

  Right primer                   Left primer                    Gene Name
  ------------------------------ ------------------------------ -------------------
  5\'-CCCCTTCTTGTTCATGGCTA-3\'   5\'-ATGTCCGCTGGAGAAAGCTA-3\'   FGF-10
  5\'-TTTGTCAGGGAGCTCAGGAT-3\'   5\'-GAATGACAACAAGCCCGAAT-3\'   E-CADHERIN
  5\'-GGATTGCCTTCCATGTCTGT-3\'   5\'-AACAGCAATTGATGCTGACG-3\'   N-CADHERIN
  5\'-GGACAGAGTCCCAGATGAGC-3\'   5\'-CCCAATCGGAAGCCTAACTA-3\'   SNAIL-1
  5\'-CACAGTGATGGGGCTGTATG-3\'   5\'-CCTTCCTGGTCAAGAAGCAT-3\'   SLUG
  5\'-AGCCTCAGAGAGGTCAGCAA-3\'   5\'-GGCTCAGATTCAGGAACAGC-3\'   VIMENTIN
  5\'-GACAAGCTTCCCGTTCTCAG-3\'   5\'-TCACCAGGGCTGCTTTTAAC-3\'   GAPDH
  5\'-TACACGCGAGTGAAGGTGAG-3\'   5\'-GAGACCGGTGAGCTGGATAG-3\'   MMP9
  5\'-GTTGTGGGACCTGTGGAAGT-3\'   5\'-GGGACACCAGAAGTCAACCA-3\'   TIMP1
  5\'-CAACTCCGGTGACATCAAAA-3\'   5\'-GTACCTGAACCCGTGTTGCT-3\'   TGF-β1
  5\'-ATCATCGACGGTGGGTACAT-3\'   5\'-TGGGGAAGTTGAAGTGGAAC-3\'   CYCLIN D2 (CCND2)
  5\'-TTTCAGGAGCTCGGTACCAC-3\'   5\'-GCTTTCTGCCATTCTCATCG-3\'   CDK2
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